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ABSTRACT
Obesity and overweight continue to be a growing problem in the United States and
abroad. Maintaining self-control in tempting food environments is necessary in order
to avoid weight gain, yet is difficult for many individuals to achieve. In order to
understand how self-control resources interact with motivation to affect selective
attention to foods, 128 college student participants (42 males) varied in their
controlled and autonomous motivation for healthy eating were randomly assigned to
either an ego-depletion (n = 61) or control manipulation (n = 67). Implicit selective
attention to food stimuli was subsequently assessed using a food flanker task that
contained healthy and unhealthy foods. Results showed that overall, participants
responded more quickly to unhealthy food targets and experienced more distraction
by unhealthy food flankers relative to healthy foods. Moreover, ego-depleted
participants were faster in responding to unhealthy target food stimuli compared to
healthy food stimuli, whereas those in the control group did not differ in their
responses to healthy and unhealthy targets. Neither autonomous nor controlled
motivation was associated with differences in attention to food stimuli and did not
interact with ego-depletion. These results indicate that independent of motivations for
healthy eating, reduced self-control resources lead to changes in processing speed
for unhealthy food stimuli, which may have implications for subsequent consumption
and ultimately weight regulation.
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1
Understanding Self-Control, Motivation, and Attention in the Context of Eating
Behavior
Obesity is a major health problem in the United States, with approximately
two thirds of Americans classified as overweight or obese (Ogden, Carroll, Kit, &
Flegal, 2014). Although the approaches to weight loss differ between individuals,
effective weight reduction plans generally involve restricting dietary intake of
calories from fat and portion sizes, self-monitoring intake, and regular physical
activity (Wing & Hill, 2001). However, weight loss can be challenging, especially
when faced with numerous unhealthy temptations in an obesogenic environment
(Wadden, Brownell, & Foster, 2002; Johnson, Pratt, & Wardle, 2012). Within this
environment, resisting goal-thwarting temptations requires the implementation of
self-control in order to override the impulse for immediate gratification in service
of the long-term goal of losing weight (Baumeister, Vohs, & Tice, 2007). With
obesity and overweight posing a growing health problem both in the United
States and internationally (Ogden et al., 2014), it is important to better
understand how self-control can ultimately impact weight gain.
Self-control can be understood as a function of the strength of two
competing forces; the strength of impulsivity toward desires (impulse strength)
and the force that inhibits our impulsive actions (self-control strength) (Hofmann,
Friese, & Strack, 2009). However, understanding how exactly these competing
forces are strengthened or weakened remains elusive. According to the Limited
Resource Model, first coined by Baumeister and colleagues in 1998 (Baumeister,
Bratslavsky, Muraven, & Tice, 1998) and more recently referred to as the
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Strength Model, self-control is a limited resource that can be depleted through
the exertion of effort (Baumeister & Vohs, 2016). According to this model, after
exerting self-control on an initial task, this resource becomes depleted and
results in reduced self-control on a secondary task. This process of diminishing
self-control is called ego-depletion. Numerous studies utilizing this dual-task
paradigm have confirmed the ego-depletion effect, with results replicated in over
100 studies and across numerous domains, leading to wide acceptance of this
model for the past twenty years (Baumeister et al., 1998; Hagger, Wood, Stiff, &
Chatzisarantis, 2010; Muraven, Tice, & Baumeister, 1998; Schmeichel, 2007).
Specifically in the domain of eating behavior, several studies have shown that
ego-depleted participants consume more tempting, unhealthy foods compared to
controls (e.g. Hofmann, Rauch, & Gawronski, 2007; Kahan, Polivy, & Herman,
2003; Vohs & Heatherton, 2000).
However, more recent research indicates that this explanation of selfcontrol may be oversimplified, and suggests that different mechanisms may play
a role in the maintenance (or depletion) of self-control (Beedie & Lane, 2012;
Kurzban, Duckworth, Kable, & Myers, 2013; Lurquin et al., 2016). For example,
studies that have manipulated mood (Tice, Baumeister, Shmueli, & Muraven,
2007), incentives (Muraven & Slessareva, 2003), primes (Walsh, 2014), or simply
beliefs about self-control (Clarkson, Hirt, Jia, & Alexander, 2010; Job, Bernecker,
Miketta, & Friese, 2015; Job, Dweck, & Walton, 2010) have eliminated the egodepletion effect typically seen in the dual task paradigm. Additionally, most
studies focusing on glucose as the potential resource necessary for self-control
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(Ainsworth, Baumeister, & Boroshuk, 2016; Beedie & Lane, 2012; Gailliot,
Baumeister, et al., 2007; Kurzban, 2010; Molden et al., 2012; Schimmack, 2012)
have been met with mixed results. A recent meta-analysis assessing the
reliability of glucose studies determined that the publications were likely
influenced by publication or reporting bias and that the evidence was weak for
studies reporting significant results (Vadilla, Gold, & Osman, 2016).
Such findings have led many researchers to consider alternative theories
of self-control, with the Shifting Priorities Model recently gaining significant
attention (Inzlicht, Schmeichel, & Macrae, 2014; Inzlicht & Schmeichel, 2012).
According to this new model, changes in self-control are not a result of resource
depletion, but rather a shift in priorities resulting from changes in motivation and
attention. Therefore, exertion of self-control at time one causes one to be less
motivated to inhibit their immediate desires, and more motivated to approach and
gratify them, at time two. This shift in motivation occurs along with shifts in
attention. That is, participants’ attention becomes focused on cues that indicate
reward and gratification, instead of cues that correspond to restraint in the
service of a higher goal.
Baumeister and Vohs (2016) have recently responded to these criticisms
of the Strength Model by suggesting that in contrast to these new theories being
in direct competition with the traditional conceptualization, they are actually best
explained by the Strength Model, and fit parsimoniously into the limited resource
hypothesis. They argue that changes in motivation and attention likely occur in
the process of ego-depletion, but that these shifts are actually caused by a
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“central governor” within the body that reallocates some limited resource in the
brain in order to maintain reserves for more critical functions (Evans, Boggero, &
Segerstrom, 2015; Noakes, 1997). According to this model, the central governor
identifies that a resource, possibly glucose, is being utilized for self-control at a
rate that would be unsustainable long-term, and thus makes efforts to conserve
this resource, despite there still being ample amounts remaining in the body. As
a result, motivation and attention are shifted in the service of resource
conservation, and at the expense of self-control. Such conservation efforts are
supported by the results from a study by Muraven, Shmueli, and Burkley (2006)
in which participants engaged in an ego-depletion task and were subsequently
either informed that they would engage in one or two additional tasks that would
require self-control. Those anticipating two additional tasks performed more
poorly in the second task than those who were expecting only one additional
task, presumably in an effort to conserve resources for the third task. Indeed,
those who were not expecting a third task, or did not conserve during the second
task, had worse performances on the third task. These findings suggest that,
under certain circumstances, a shift in motivation may counteract ego-depletion
through the deliberate conservation of some resource, ultimately predicting
performance after an ego-depletion task.
In addition to shifting one’s motivation to counteract the depletion effect,
research indicates that the reasons one is motivated to attain a goal can also
influence self-control (Graham, Bray, & Martin Ginis, 2014; Moller, Deci, & Ryan,
2006). Proposed by Self-Determination Theory (SDT; Deci & Ryan, 2000),

5
autonomous motivation is associated with goals that the individual has
internalized as being valuable, important, meaningful, or enjoyable. In contrast,
controlled motivation is associated with goals that are pursued because of
external factors like pressure from family or society (Sheldon & Kasser, 1998).
Graham and colleagues (2014) manipulated the instructions provided to
participants on an initial task in order to influence feelings of autonomous or
controlled motivation for persisting in a subsequent hand-grip task. They found
that those exposed to the autonomous instructions performed better after
performing previous ego-depletion tasks than those given the controlled
instructions.
Furthermore, Moller et al. (2006) conducted three experiments where they
either allowed the participant to choose his or her initial depleting task
(autonomous self-regulation condition), or the researcher strongly suggested
which task the participant should choose (controlled self-regulation condition). All
participants in the controlled self-regulation condition selected the option that the
researcher suggested. They found that controlled self-regulation resulted in egodepletion, with participants performing worse on a second task, while those in the
autonomous self-regulation condition did not. Research also suggests that the
source of one’s motivation to attain a goal will influence how goal pursuit is
regulated and whether it will meet with success (Ryan, Sheldon, Kasser, & Deci,
1996). Numerous studies have found that autonomous motivation is associated
with better goal progress than controlled motivation in areas such as work,
academics, and health (e.g., Judge, Bono, Erez, & Locke, 2005; Koestner, Otis,
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Powers, Pelletier, & Gagnon, 2008) (Milyavskaya, Inzlicht, Hope, & Koestner;
2015).
In the domain of eating behavior, a recent study by Milyavskaya and
colleagues (2015) found that implicit differences in liking for healthy or unhealthy
foods are associated with one’s motivation to eat healthy; those who wish to eat
healthy for autonomous motivations were found to have stronger implicit liking for
healthy foods, while those with controlled motivations did not show a difference in
implicit liking to either healthy or unhealthy foods. Furthermore, these studies
identified that those reporting autonomous motivations to eat healthy also
reported experiencing fewer obstacles, exerting less effort, and had a higher
likelihood of achieving their goals. In contrast, those reporting controlled
motivations to eat healthy reported experiencing more obstacles, expending
greater effort, and were less likely to achieve their goals. Thus, that people
experience more success when they are autonomously motivated to achieve
seems to be related to the fact that they experience fewer obstacles and exert
less effort than when their motivations are controlled.
This implies that one’s motivations for achieving a goal can serve to either
increase or decrease the salience of temptations, which either increases or
decreases perceived obstacles and the degree of effort involved in achieving the
goal. Therefore, if one’s self-control is reduced through an ego depletion task, the
ability to overcome distractions from temptations (i.e. from high calorie, unhealthy
foods) and thus the ability to achieve a goal (healthful eating), might be
attenuated if motivations are controlled. However, for those with autonomous
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motivations, goals may not be attenuated. Stronger autonomous motivation is
associated with less distraction by temptations that could curtail successful selfcontrol, implying that motivation may be strongly related to attention (Milyavskaya
et al., 2015; Milyavskaya & Inzlicht, 2016). However, this association can only be
assumed, as participants’ attention to foods was not directly assessed in this
study.
It is also possible that those with controlled motivations to consume a
healthy diet have difficulty filtering out competing information (e.g., healthfulness
vs. palatability) from various foods. The flanker task has been widely used to
assess the degree to which attention is spontaneously drawn to distractor cues
(Eriksen & Eriksen, 1974). In this paradigm, participants respond to a target letter
presented among a string of flanker letters that are either the same as the target
(i.e., compatible) or different from the target (i.e., incompatible). Although
participants are instructed to attend only to the target stimuli and ignore the
flanker stimuli, they are often distracted by flankers. Because of the processing
conflict elicited by the incompatible flankers, participants respond more slowly to
incompatible trials than to compatible trials (Coles, Gratton, Bashore, Eriksen, &
Donchin, 1985; Eriksen & Eriksen, 1974). In the context of food, previous
research has shown that when women who cognitively restrict their caloric intake
(i.e., restrained eaters) view low calorie food targets, they are distracted by
images of high calorie food flankers when they are hungry (Forestell, Lau,
Gyuorvski, Dickter, & Haque, 2012). Although it seems plausible that restrained
eaters’ goals to restrict their caloric intake may be primarily motivated by
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controlled rather than autonomous motivations, this study did not measure
autonomous and controlled motivation.
There remains a paucity of empirical studies directly examining how reduced
self-control resources affects attention to foods, and how this relationship is
moderated by autonomous and controlled motivation. Self-control is thought to
deplete the same resource as executive functioning in the brain (Kaplan &
Berman, 2010), which is supported by studies that have shown that reduced selfcontrol resources lead to reductions in executive functioning task performance
and vice versa (e.g., Baumeister, Bratslavsky, Muraven, & Tice, 1998; Tice,
Baumeister, Shmueli, & Muraven, 2007; Vohs, Baumeister, & Ciarocco, 2005;
Schmeichel, Vohs, & Baumeister, 2003; Webb & Sheeran, 2003). Executive
functioning allows for top-down processing of stimuli, which is directed and
effortful and potentially critical in the maintenance of self-control. In contrast,
bottom-up processing is more automatic and effortless. Thus, when self-control
resources have been depleted, executive functioning resources are also
depleted, leading to more bottom-up, automated processing in the brain and
one’s attention being drawn to rewarding stimuli (e.g., high calorie, palatable
foods) in contrast to less rewarding stimuli that are more consistent with longterm goals or obligations (e.g. weight-loss or health). While attention to goalrelevant stimuli is thought to be part of the top-down process (Corbetta &
Shulman, 2002), goals that are guided by autonomous motivations appear to
require less effort (Milyavskaya et al., 2015; Milyavskaya & Inzlicht, 2016; Werner
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et al., 2016), which presumably makes them less susceptible to resource
depletion.
The primary goal of this study was to determine whether depleted
participants differed from control participants in their attentional biases toward
unhealthy foods using the dual-task paradigm that involved a measure of
selective attention; the flanker task. In addition, we measured autonomous vs.
controlled motivations for healthy eating in order to assess whether motivation
accounted for differences in selective attention toward foods, and whether
motivation moderates the relationship between self-control and selective
attention. We formulated the following hypotheses based on the previous
literature: 1) When presented with healthy targets, those in the ego-depletion
condition would be more distracted by unhealthy flankers than those in the
control condition, because models of self-control posit that when depleted, our
attention may shift toward gratifying desires (Inzlicht & Schmeichel, 2012), 2)
controlled motivation for healthy eating would be associated with increased
distraction from healthy targets by unhealthy food stimuli, and 3) motivation
would moderate the ego-depletion effect on selective attention to food, such that
those with controlled motivation for eating healthy would experience increased
distraction by unhealthy food stimuli when depleted compared to controls who
were not ego depleted.
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Method
Participants
A total of 152 participants; 46 male, 104 female, and two unidentified
undergraduate students were recruited from introductory psychology and
linguistics courses from a public, medium-size liberal arts college in the
southeastern region of the United States. Participants without food allergies or
dietary restrictions, who explicitly endorsed the goal of wanting to eat healthy,
were qualified to participate in the study. Participants were informed that the
study involved completing self-report measures and attention tasks, including
computer based tasks with images of foods, and that they would receive course
credit for their participation. All procedures were approved by the Protection of
Human Subjects Committee, and electronic and written informed consent were
obtained from each participant at the beginning of parts one and two of the study,
respectively.
Materials
Stimuli. Images for the food flanker task were selected from the food.pics
database (Blechert, Meule, Busch, & Ohla, 2015) and consisted of 12 healthy
food images, 12 unhealthy food images, and 16 neutral object images. These
images were rated by a large sample of American and European adults on a
number of subjective properties such as arousal, valence, and visual complexity,
and do not differ in size, brightness, or contrast. Additionally, all images selected
for use in this study were pilot tested with 16 undergraduate students to ensure
that all images could be identified with brief exposure. All of the images were
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correctly identified by all of the participants in our pilot. Images were resized to
515 X 325 pixels, and displayed each item centered on a white background. The
full set of stimuli can be found in Appendix A.
Behavioral measures
Ego-depletion task. For this study we chose to utilize the letter cross-out
task adapted from (Baumeister, Bratslavsky, Muraven, & Tice, 1998) for our egodepletion manipulation. For this task, participants were provided with a single
page excerpt taken from a high-level systems biology textbook (Deuflhard &
Roblitz, 2015; see Appendix B) The Control group was instructed to cross out
every e on one page of text, while the Depletion group was initially given the
same instructions as the Control group for the first page of text, and were
subsequently provided with a second, identical page of text with the more
complex instructions to “cross out every instance of the letter e except for when
the e is adjacent to another vowel or is one letter removed from another vowel.”
This task has been used extensively to induce ego-depletion under experimental
conditions and, according to a recent meta-analysis (Hagger, Wood, Stiff, &
Chatzisarantis, 2010), has demonstrated the largest effect (d = .77) of any other
manipulation for reducing performance on a subsequent task. In our study,
participants in the Depletion condition took significantly longer to complete this
task (M =14.49 min, SE = 0.36) than those the Control condition (M = 5.18 min,
SE = 0.18).
Food flanker task. The food flanker task was programmed using Eprime
2.0 software (Psychology Software Tools Inc., Pittsburgh, PA). This is an implicit
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attention task designed to assess participant’s susceptibility to distraction by
various food stimuli, and was adapted from studies by Forestell et al. (2012) and
Meule Vögele, and Kübler (2012). As shown in Figure 1, for each trial,
participants were first presented with a pre-stimulus fixation cross in the middle of
the screen for 1000ms, immediately followed by a stimulus array of three images,
one target image flanked by two identical images, that appeared simultaneously
for 250 ms. The images were followed by a blank screen inter-trial interval, which
varied randomly between 1000-2000 ms to avoid time-conditioning. All screens
were presented with a grey background with images selected randomly from the
same set of neutral objects and healthy and unhealthy foods. The flanker images
were always of identical food items (either healthy or unhealthy), while the
center, target image varied between images of a healthy food, an unhealthy food,
or a neutral object (e.g. a broom). This design produced six image arrangements;
neutral flanked by healthy (HNH), neutral flanked by unhealthy (UNU), healthy
flanked by healthy (HHH), healthy flanked by unhealthy (UHU), unhealthy flanked
by healthy (HUH), and unhealthy flanked by unhealthy (UUU). In each
experimental block, the two neutral target trials (HNH, UNU) were presented 16
times each and the four food target trials (HHH, UHU, HUH, UUU) were
presented 12 times each, resulting in 80 total image trials per block. Participants
were seated 60 cm from the computer screen and were presented with four total
experimental blocks with the image arrangements randomized. At the start of
each block participants were presented with an instruction screen asking them to
focus on the center image and to respond as quickly and accurately as possible
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to the prompt question, “Is the center image a food item or not?” by pressing
either the “x” or “m” keys, with mapping counterbalanced across participants.
Each participant was given a practice block of 10 trials to orient to the task before
beginning the experimental trials. Between each block of trials, participants were
given a break screen where they were able to move on to the next block of trials
whenever they felt ready. This procedure took approximately 25 minutes to
complete. The reaction time for participants’ keyboard responses were recorded
in order to assess any differences in reaction speed across the different target by
flanker arrangements. Slower reaction times indicate that the participant was
distracted by the flanker images, requiring more time to properly categorize the
target image and respond to the prompt question.

+
Fixation cross
(1000 ms)

Image array
(250 ms)

Mask
(1000-2000 ms)
Figure 1. Schematic of the food flanker task.
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Questionnaires
Regulation of Eating Behaviors Scale (REBS; Pelletier, Dion, SlovinecD’Angelo, & Reid, 2004; see Appendix C). This 24 item self-report measure is
designed to assess autonomous and controlled motivations for regulating eating
behaviors, and is based in the proposed behavioral regulatory styles of SelfDetermination Theory (Deci & Ryan, 1985). Participants are asked to respond to
the question, “Why are you regulating your eating behaviors?” by indicating the
extent to which each item corresponds with their reasons for regulating what they
eat. In line with the work of Milyavskaya et al. (2015), the prompt question was
modified to, “Why are you trying to eat healthy?” while all other aspects of the
measure remained the same. Items are presented randomly for each participant
and are scored on a Likert scale with 1 (does not correspond at all) and 7
(corresponds exactly) as anchors. Items are grouped into six subscales,
containing four questions each; intrinsic motivation (e.g., “I take pleasure in fixing
healthy meals.” α = 0.86), integrated regulation (e.g., “Eating healthy is congruent
with other aspects of my life.” α = 0.87), identified regulation (e.g., “I believe it will
eventually allow me to feel better.” α = 0.79), introjected regulation (e.g., “I don’t
want to be ashamed of how I look.” α = 0.75), external regulation (e.g., “Other
people close to me insist that I do.” α = 0.80), and amotivation (e.g., “I can’t really
see what I’m getting out of it.” α = 0.81). Scores on the first three subscales can
be summed to achieve an overall score of autonomous motivation (α = 0.83), and
scores on the last three subscales can be summed to achieve an overall score of
controlled motivation (α = 0.89). Higher scores on the first three subscales
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indicate stronger autonomous motivations for healthy eating, while higher scores
on the last three subscales indicate stronger controlled motivations for healthy
eating. Previous studies have demonstrated good internal consistency for each
of the subscales (α = 0.77-0.90) and correlations support the creation of
composite scores for controlled and autonomous motivation (Pelletier et al.,
2004). Additionally, controlled motivation has demonstrated a positive correlation
with self-reported maladaptive eating behaviors, a negative correlation with
healthy eating behaviors, and less success in regulating eating behaviors, while
the reverse has been found for autonomous motivation (Otis & Pelletier, 2008;
Pelletier et al., 2004). For this study, a median split was used to categorize
participants as either high or low on each of the two composite subscales.
Dutch Eating Behavior Questionnaire-Restraint (DEBQ-R; Van Strien,
Frijters, Bergers, & Defares, 1986; see Appendix D). This 10 item subscale of the
33-item DEBQ measures only restrained eating – the extent to which one
attempts to restrict their intake of food in order to lose or maintain weight.
Example items include, “Do you try to eat less at mealtimes than you would like
to eat?” and, “How often do you refuse food or drink offered because you are
concerned about your weight?” Participants are asked to respond to each item
on a 5-point Likert scale with the response options 1 = never, 2 = seldom, 3 =
sometimes, 4 = often, and 5 = very often. This measure has been used
extensively in eating behavior research and has demonstrated good internal
consistency and factorial validity and high convergent and discriminant validity
(Van Strien, 1996; Van Strien, Frijters, Bergers, & Defares, 1986; Van Strien,
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2002). It was included in order to control for any potential confounds, since
previous studies have found differences in reaction times on the flood flanker
task for restrained versus unrestrained women (Forestell et al., 2012), and since
the REBS has been shown to correlate with maladaptive eating behaviors (Otis &
Pelletier, 2008; Pelletier et al., 2004). Reliability for our sample was α = 0.92.
Barratt Impulsiveness Scale – short form (BIS-15; Spinella, 2007; see
Appendix E). Designed to assess individual differences in levels of trait
impulsivity, this widely used 15-item scale is a shortened version of the original
33-item measure, but maintains the same strong psychometric properties of high
test-retest reliability and internal consistency (Patton, Stanford, & Barratt, 1995;
Spinella, 2007). This short-version can similarly be divided into three subscales;
non-planning (lack of future planning, e.g. “I save regularly.“ – reverse scored),
motor impulsivity (acting without thinking, e.g. “I act on impulse.“), and attention
impulsivity (difficulty maintaining attention, e.g. “I squirm at plays or lectures.“).
Participants respond to each statement on a scale from 1 (rarely/never) to 4
(almost always/always). Scores can be calculated for each subscale by summing
the relevant responses, and a total score is calculated by summing all responses,
with higher scores indicating stronger impulsivity. Only the total score was used
in order to ensure that there were no trait differences in impulsivity between the
Control and Ego-Depletion groups, as impulsivity measures have been found to
correlate with maladaptive eating behaviors (Fischer, Smith, & Cyders 2008).
Reliability for our sample was α = 0.85.
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Brief Self-Control Scale (BSCS; Tangney, Baumeister, & Boone, 2004;
see Appendix F). This 13-item self-report measure is designed to assess
individual differences in trait self-control and has shown good internal reliability
and test-retest reliability (Tangney et al., 2004) Participants are asked to indicate
on a Likert-type scale from 1 (not at all) to 5 (very much) the extent to which each
item reflects how they typically are, with higher scores indicating better trait selfcontrol. Example questions include, “I wish I had more self-discipline,” and “I am
good at resisting temptation.” Better self-control using this scale was associated
with fewer self-reported problems regulating eating behavior and was negatively
associated with maladaptive eating behaviors (Tangney et al., 2004). This
measure was included in order to ensure no trait differences in self-control were
present between the two groups. Reliability for our sample was α = 0.84.
Depletion Sensitivity Scale (DSS; Salmon, Adriaanse, DeVet, Fennis,
Denise, & de Ridder, 2014; see Appendix G). This 11-item self-report
questionnaire measures individual differences in susceptibility to ego-depletion,
and is considered distinct from trait self-control. Participants are asked to indicate
how much they agree or disagree with each item, on a scale of 1 (Totally
disagree) to 7 (Totally agree), where higher scores indicate stronger sensitivity to
ego-depletion. Example items include, “I get mentally fatigued easily,” and, “At
the end of a working day I often have difficulties staying focused.” Initial
validation of this scale found good reliability (α = 0.83) and satisfactory
convergent and discriminant validity. Reliability for our sample was α = 0.87.
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Manipulation check. In addition to recording time spent completing the
letter cross-out task, four novel questions were designed to assess participants’
subjective feelings in response to the ego-depletion task in order to determine
the efficacy of the manipulation. All questions were presented to participants at
the completion of the cross-out task, where participants were asked to indicate
the extent to which each of the following items corresponded to how they were
feeling by selecting from a Likert scale, with 1 (not at all) and 5 (extremely) as
anchors. Items were selected and adapted from manipulation check questions
used in previous studies of ego-depletion (Bray, Martin Ginis, Hicks, &
Woodgate, 2008; Muraven & Slessareva, 2003), with examples such as, “How
frustrated did you feel when completing the previous task?” and, “How pleasant
was the previous task?” The complete set of questions can be found in Appendix
H.
Hunger and fullness. Participants were asked to indicate their levels of
hunger and fullness at the end of the laboratory session, since food motivation
can vary as a function of physiological hunger and fullness (Martin et al., 2010),
and previous studies have seen differences in reaction times on the food flanker
tasks with hungry, but not recently fed participants (Forestell et al., 2012).
Participants respond to two questions, “How hungry do you feel at this moment?”
and, “How full do you feel at this moment?” on a Likert scale with 1 (not at all) to
7 (extremely) as anchors.
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Procedure
Participants were asked to complete two experimental sessions; the first
session included an online survey completed at home, while the second session
included the behavioral tasks and was conducted in the lab.
Online Session. Participants accessed a link to an online survey, which
participants were able to complete at their convenience, but in one sitting. Online
informed consent was obtained before participants completed the REBS, DEBQ,
BIS-15, BSCS, DSS, and demographic questions. The survey took approximately
30 minutes to complete, at the end of which participants were asked to schedule
the laboratory session. Participants were instructed not to eat for at least 2 hours
prior to their scheduled session, and were scheduled between the hours of 11am
and 6pm.
Laboratory Session. Upon arrival to the lab, participants were randomly
assigned to either the control or experimental ego-depletion condition, and were
seated at a desk with a computer in a quiet room with the researcher present
throughout the procedure. As shown in Figure 2, after obtaining written informed
consent, participants completed the e cross-out task corresponding to their
condition, before completing the manipulation check questionnaire.
Subsequently, participants completed the computerized flanker task, followed by
two questions assessing their current levels of hunger and fullness. Lastly, the
experimenter measured each participant’s height and weight, recorded when and
what they last ate in order to verify compliance with the fasting instructions, and
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debriefed and thanked them for their participation. The entire laboratory session
took approximately 1 hour to complete.

Cross-out
task: Control
or Depletion
Manipulation
check
questions
Flanker
task
Hunger &
fullness
questions

Figure 2. Schematic of laboratory session procedure.

Data Analysis
Participants were divided into high and low groups for both autonomous
and controlled motivations for eating healthy, based on their scores on each of
the composite subscales of the REBS. For controlled motivation, those with a
score of 34 or above were designated high in controlled motivation, and for
autonomous motivation, those with a score of 61 or above were designated high
in autonomous motivation.
Since the neutral target images were only included in order to allow for
variation in the correct response to the prompt, only the four image array
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combinations that included food target images were included for analyses. In line
with common practice for analysis of reaction time data, individual trials on the
food flanker task with reaction times below 200 ms were removed, as this
indicates an anticipatory response before stimuli presentation (Nijs, Muris, Euser,
& Franken, 2010). Individual reaction times above or below three standard
deviations from the mean were also removed for each participant. Additionally,
because incorrect and missed responses are not interpretable for the purposes
of this study, each individual trial that was missed or incorrect was also removed
for each participant. This resulted in the removal of 5.47% of total responses.
Subsequently we calculated mean reaction times for each of the four food-image
array combinations (i.e., HHH, HUH, UHU, and UUU) for each participant.
In order to determine if autonomous and controlled motivation and egodepletion were associated with differences in reaction time to the food stimulus
arrays, two mixed 4-way Analysis of Variance (ANOVA) were conducted with
target image (healthy vs. unhealthy) and flanker image (healthy vs. unhealthy) as
repeated measures variables, ego-depletion (Depletion vs. Control) and either
autonomous motivation or controlled motivation (high vs. low) as betweensubjects variables, and response time as the dependent variable. Restrained
eating was found to correlate with controlled motivation (r = 0.47, p < 0.001), and
was thus entered as a covariate in all further analyses of controlled motivation.
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Results
Participant characteristics
Of the 152 participants, 24 were excluded from analyses because of
researcher error (n = 16), failure to comply with the experimental protocol (n = 3),
ate within 2 hours of the study (n = 2), had average latencies over 900 ms (n =
2), or more than fifty percent of their trials were incorrect (n = 1). Of the remaining
128 participants (67.2% female; Control n = 67, Depletion n = 61), 8.6% identified
as Hispanic/Latino and the racial composition was 70.3% White, 10.9% African
American, 10.9% Asian, and 7.9% Other.
As shown in Table 1, participants in the Depletion and Control groups did
not differ significantly in age, BMI, time since they last ate, ratings of current
hunger or fullness, or any of the other baseline traits measured. Additionally, chisquare analyses indicated that participants in the two groups did not differ
significantly by gender, or smoking status.
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Table 1. Participant Characteristics
Control
(n = 67)
19.25 ± 0.25

Depletion
(n = 61)
18.74 ± 0.12

Gender (n, male)

18

Smoking – yes (n)

p-value

1.863

1

0.07

24

2.255

2

0.13

7

6

0.222

2

0.64

BMI (mean ± SEM, kg/m )

22.00 ± 0.43

22.52 ± 0.44

-0.854

1

0.94

DEBQ_R
(Mean ± SEM, Range = 10 - 50)

24.43 ± 0.95

26.92 ± 1.15

-1.680

1

0.11

Brief Self-Control Scale
(Mean ± SEM, Range = 13 - 65)

41.55 ± 1.03

40.75 ± 1.03

0.550

1

0.59

Depletion Sensitivity Scale
(Mean ± SEM, Range = 11 - 77)

44.01 ± 1.42

43.82 ± 1.39

0.098

1

0.92

Barratt Impulsiveness Scale
(Mean ± SEM, Range = 15 - 60)

29.79 ± 0.75

28.53 ± 0.91

1.077

1

0.28

REBS-Autonomous
(Mean ± SEM, Range = 12 - 84)

57.90 ± 1.42

59.11 ± 1.42

-0.604

1

0.55

REBS-Controlled
(Mean ± SEM, Range = 12 - 84)

32.85 ± 1.17

33.57 ± 1.41

-0.396

1

0.69

Current Fullness
(Mean ± SEM, Range = 1 - 7)

2.75 ± 0.18

2.84 ± 0.20

-0.341

1

0.73

Current Hunger
(Mean ± SEM, Range = 1 - 7)

4.93 ± 0.17

4.66 ± 0.19

1.056

1

0.29

4.35 ± 0.36

4.66 ± 0.42

-0.555

1

0.58

Age (Mean ± SEM, years)

2

Time since last ate
(Mean ± SEM, h)
1

Statistic

t-statistic, degrees of freedom (df) = 126; 2 χ2, df = 1
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Manipulation Check
In order to assess the efficacy of the ego-depletion manipulation,
independent samples t-tests were conducted to compare the Control and
Depletion groups on the various manipulation check variables. As shown in Table
2, compared to the Control condition, participants in the Depletion condition took
significantly longer to complete the cross-out task, reported feeling significantly
more tired and frustrated after completing the cross-out task, and rated the crossout task as more effortful and less pleasant.
Table 2. Comparison of Control and Depletion groups’ performance and ratings
after the Depletion task.
Control
(n = 67)
5.16 ± 0.17

Depletion
(n = 61)
14.34 ± 0.37

1

p

-23.442

<.001

Tired (1 - 5)

2.46 ± 0.14

3.11 ± 0.16

-3.476

.001

Effort (1 - 5)

2.84 ± 0.13

3.61 ± 0.13

-4.482

<.001

Pleasant (1 - 5)

2.61 ± 1.13

1.94 ± 0.86

3.575

<.001

Frustrated (1 - 5)

1.87 ± 0.12

2.44 ± 0.17

-3.509

.001

Minutes to complete task

t

Participant ratings:

1

df = 126

Food Flanker Task
Autonomous motivation. This analysis revealed no significant main
effect of condition or autonomous motivation on reaction time. However, there
was a significant main effect of target on response time (F(1,124) = 70.77, p <
0.001, η2 = 0.363), with participants responding more quickly to the unhealthy
targets overall (M = 569.79, SE = 6.41) compared to the healthy targets (M =
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584.74, SE = 6.99). There was also a significant main effect of flanker (F(1,124)
= 11.32, p = 0.001, η2 = .084), with participants responding more quickly to the
target when healthy flankers were present (M = 574.58, SE = 6.41) compared to
unhealthy flankers (M = 579.95, SE= 6.98).
There was also a marginally significant condition x target interaction
(F(1,124) = 3.11, p = 0.08 , η2 = 0.024). As can be seen in Figure 3, simple main
effects analyses revealed that participants in the Control condition demonstrated
marginally slower reaction times to unhealthy target images than those in the
Depletion condition (t(126)= 1.89, p = 0.06). There were no differences between
the groups in their reaction times to healthy target images (t(126)= 1.28, p =
0.202).
There was no significant interaction of autonomous motivation and egodepletion on reaction time to either the target or the flanker, nor a significant
motivation x depletion x target x flanker interaction (see Figure 4; all p > .100).
Controlled motivation. The ANCOVA, which controlled for restrained
eating, revealed no significant main effect of controlled motivation or ego
depletion. However, as in the analyses above there was a significant main effect
of target on response time (F(1,123) = 11.19, p = 0.001, η2 = 0.083), with
participants responding more quickly to the unhealthy targets overall (M =
569.91, SE = 6.42) compared to the healthy targets (M = 584.90, SE = 7.01).
There was no main effect of flanker on response time. There was also a
marginally significant condition x target interaction (F(1,123) = 3.49, p = 0.064 ,
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η2 = 0.028). Simple main effects analyses revealed a similar pattern to those
reported above.
There was no significant interaction of controlled motivation and egodepletion on reaction time to either the target or the flanker, nor a significant
motivation x depletion x target x flanker interaction (see Figure 5; all p > .100).
Control
Experimental

610

Reac7on Time (ms)

600
590
580
570
560
550
540
530
520

Healthy

Unhealthy
Target

Figure 3. Estimated marginal means of Control (black bars) and Depleted (grey
bars) participants’ reaction times to the healthy and unhealthy food targets.
Note:+ p < .10.
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Autonomous Motivation
High
Control

Healthy

Unhealthy
Reac7on Time (ms)

Reac7on Time (ms)

Healthy

Depletion

600
550
500

Healthy

Unhealthy

Unhealthy

640
620
600
580
560
540
520
500

Healthy

Target

Unhealthy
Target

Low
Control

Healthy

Unhealthy

640
620
600
580
560
540
520
500

Reac7on Time (ms)

Reac7on Time (ms)

Healthy

Depletion

Healthy

Unhealthy
Target

Unhealthy

640
620
600
580
560
540
520
500

Healthy

Unhealthy
Target

Figure 4. Estimated marginal means of reaction times for depleted and control
participants to healthy and unhealthy target foods flanked by healthy (black bars)
or unhealthy (grey bars) foods for high and low autonomous motivation.
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Controlled Motivation
High
Control

Healthy

Unhealthy

640
620
600
580
560
540
520
500

Reac7on Time (ms)

Reac7on Time (ms)

Healthy

Depletion

Healthy

Unhealthy

Unhealthy

640
620
600
580
560
540
520
500

Healthy

Target

Unhealthy
Target

Low
Control

Unhealthy

640
620
600
580
560
540
520
500

Healthy
Reac7on Time (ms)

Reac7on Time (ms)

Healthy

Depletion

Healthy

Unhealthy
Target

Unhealthy

640
620
600
580
560
540
520
500

Healthy

Unhealthy
Target

Figure 5. Estimated marginal means of reaction times for depleted and control
participants to healthy and unhealthy target foods flanked by healthy (black bars)
or unhealthy (grey bars) foods for high and low autonomous motivation.
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Discussion
In the present study across both conditions, participants responded more
quickly when presented with unhealthy target images regardless of the flanker
images, and they responded more slowly to targets (either healthy or unhealthy),
when they were flanked by unhealthy images. This suggests that people attend
to unhealthy food images; they are faster to categorize a target image as a food
item when it is unhealthy and they appear to be distracted by unhealthy flankers.
Moreover, ego-depletion marginally decreased reaction times to unhealthy
targets relative to control participants who were not ego-depleted.
Given that faster reaction times to food-related cues are thought to be
associated with the incentive salience (or the reward value) of food cues
(Smeets, Roefs, & Jansen, 2009), it is not surprising that participants generally
responded more quickly to, and were distracted by, the unhealthy relative to the
healthy cues. Consistent with this, Meule et al. (2012) has reported that faster
reaction times to unhealthy foods are associated with lower self-reported dietary
success. It appears that ego-depletion amplifies this effect. According to
Hofmann, Vohs, and Baumeister (2012), depleted participants’ behavior reflects
their automatic attitudes toward foods, whereas the behavior of those who are
not depleted reflects their personal values. When self-control resources are
plentiful, participants’ functioning is controlled and they do not respond
differentially to healthy and unhealthy targets. However, when depleted,
participants’ automatic processes take over, leading to faster identification of
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unhealthy foods, which in turn may lead to increased food intake (Hofmann et al.,
2007; Kahan et al., 2003; Vohs & Heatherton, 2000).
Behaving in accordance with controlled motivations instead of
autonomous motivations is believed to be depleting in and of itself (Muraven,
2008; Muraven & Slessareva, 2003), and various sources of depletion are
cumulative (Hofmann et al., 2012). This leads to the prediction that those with
controlled motivations for healthy eating would respond faster to unhealthy
targets and would experience more distraction by unhealthy flankers. While SelfDetermination Theory (Deci & Ryan, 2000) and current models of self-control
(Inzlicht et al., 2014; Baumeister & Vohs, 2016; Baumeister & Vohs, 2007)
propose that motivation may play a large role in self-control successes and
failures, it is not clear what type of motivation is involved. Previous studies have
found that autonomous motivation for healthy eating is associated with stronger
implicit liking for healthy foods, experiencing fewer temptations, and higher rates
of goal achievement (Milyavskaya et al., 2015). These findings indicate that
motivation for healthy eating may be associated with reduced attention to
tempting, goal-thwarting stimuli; potentially making temptations less salient for
those who endorse more autonomous motivations.
However, our study failed to identify differences in attention associated
with motivation for healthy eating. It is not clear why this manipulation failed to
affect attentional biases especially since our participants’ scores on the REBS
was similar to reports in the literature, which have led to significant results in
these studies (e.g., Koestner, Otis, Powers, Pelletier, & Gagnon, 2008; Lopez,
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Milyavskaya, Hofmann, & Heatherton, 2016; Milyavskaya et al., 2015; Otis &
Pelletier, 2008). Future research could measure motivation to eat healthy
immediately after the depletion manipulation to provide further insights into how
autonomous and controlled motivations for healthy eating relate to changes in
domain specific state motivation when self-control resources have been
depleted. In addition, other measures that assess different facets of eating
motivation, such as The Eating Motivation Survey (TEMS; Renner, Sproesser,
Strohbach, & Schupp, 2012) or the Palatable Eating Motives Scale (PEMS;
Burgess, Turan, Lokken, Morse, & Boggiano, 2013), may show a different pattern
of results than the REBS.
In contrast to our hypothesis, we did not observe a target x flanker
interaction in the ego-depletion condition. This may have been due to our use of
neutral and food target stimuli. While Meule et al. (2012) utilized both food and
neutral target images, Forestell et al. (2012) included only food target images.
The use of neutral target images may have decreased the flanker-induced
conflict experienced by participants when presented with the food targets,
because when foods (both healthy and unhealthy) were presented as targets,
they were considered to be congruent with the flankers relative to the neutral
item target trials. Additionally, it is possible that the flanker effect generally is not
an indication of a failure to attend to the target stimuli, but is instead evidence of
stronger attention, because one is processing the flanker information and
implementing the appropriate response selection for the target (Buetti, Lleras, &
Moore, 2014).
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These unexpected results may have also been due to the variability in
time since participants last ate. In Forestell et al. (2012), only hungry participants
demonstrated a delayed reaction time when low calorie foods were flanked by
high calorie foods. Though we instructed participants not to eat for at least two
hours before participating in the laboratory session, as is common practice in
eating behavior research, there was significant variability in the reported amount
of time since participants last ate. In the aforementioned study, participants were
scheduled first thing in morning after having not eaten since dinner the night
before. By controlling this variable, the variability in the hunger of the participants
was reduced, and presumably resulted in participants who were hungrier than
those in the current study. Future research should examine if the hypothesized
effect occurs in hungry participants.
As may be expected, our study was limited in that we recruited college
students and more females than males. Future studies should aim to recruit
participants from other populations and equal numbers of males and females in
order to investigate potential gender differences in attention to foods. Despite
these limitations, our study benefited from several significant methodological
strengths such as a large sample size, implementation of a validated, widely
used ego-depletion task (Haggar et al., 2010), as well as an attentional bias task
that has previously identified differences in attention allocation to high and low
calorie foods (Forestell et al., 2012). Future studies using the food flanker task
might consider examining whether cognitive distraction correlates with
subsequent eating behavior. Additionally, future research might benefit from the
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use of other attention tasks, such as the dot-probe or go/no-go task, which would
assess different mechanisms of attention.
While many studies have shown that ego-depletion causes reductions in
performance on various tasks (Haggar et al., 2010) and results in less selfcontrol around palatable foods (Hofmann et al., 2007; Kahan et al., 2003; Vohs &
Heatherton, 2000), no studies have directly assessed potential changes in
implicit attention to food images as a result of an ego-depletion manipulation.
Thus, while preliminary, our depletion manipulation findings provide a starting
point for future investigations into the role attention might play in self-control.
Through understanding the mechanisms involved in food intake, we may find
new ways to address overconsumption and obesity.
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Appendix A
Food Flanker Task Stimuli

Figure A1. Healthy food images

Figure A2. Unhealthy food images

Figure A3. Neutral object images
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Appendix B
Ego-Depletion Letter Cross-Out Task
Control Condition Instructions:
For this task, please skim through the following text and cross out every instance
of the letter “e,” using the pen provided.
Experimental Condition Instructions:
On this page, please cross out every instance of the letter “e,” except when the
“e” is adjacent to another vowel, or is one letter removed from another vowel. For
example, you would not cross off the letter “e” in the word “vowel,” but you would
in the word “dodge.”
Text for both conditions:
In systems biology, typical ODE systems originate from chemical kinetics. Apart
from these, so-called compartment models arise, which we will explain in
Example 1 below and, in a more realistic setting, subsequently, we start with
isolated simple chemical mechanisms and their translation into ODE models.
Such models will comprise the building blocks of large networks whose
construction we will discuss below. In between we discuss some traditional
model type for enzyme kinetics called Michaelis-Menten kinetics, which is still
around in the literature, but is no longer needed nowadays. Whenever the copy
numbers of species involved in a chemical reaction get small, random
fluctuations come into play. In this case, the ODE models based on mass action
kinetics must be replaced by the chemical master equation (CME). The CME is
the fundamental equation of stochastic chemical kinetics. This differentialdifference equation (continuous in time and discrete in the state space) describes
the temporal evolution of the probability density function for the states of a
chemical system. The state of the system represents the copy numbers of
interacting species, which are changing according to a list of possible reactions.
The solution of the CME in higher dimensions is mathematical challenging and
the topic of ongoing research. This qualitative insight is usually captured
quantitatively in terms of so-called Hill functions. Let S denote some input
substrate concentration and P the corresponding output product. The previous
two sections have shown that there exists a one-to-one correspondence between
elementary chemical reactions and ODE schemes. In actual systems biological
modeling such small blocks will have to be assembled to large chemical reaction
networks. For this purpose, it is convenient to construct a so-called chemical
compiler that automatically generates the ODE system. (We deliberately skip
here the possible addition of further physiological mechanisms that give rise to
ODEs of different kind; they will need an extra treatment.)
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Appendix C
Regulation of Eating Behaviors Scale
Using the scale provided. Please indicate the extent to which each statement
corresponds to why you are trying to eat healthy.
7-point Likert scale with anchors 1 = does not correspond at all to 7 =
corresponds exactly.
1. It is fun to create meals that are good for my health.
2.

I like to find new ways to create meals that are good for my health.

3.

I take pleasure in fixing healthy meals.

4.

For the satisfaction of eating healthy.

5.

Eating healthy is an integral part of my life.

6.

Eating healthy is part of the way I have chosen to live my life.

7.

Regulating my eating behaviors has become a fundamental part of who I
am.

8.

Eating healthy is congruent with other aspects of my life.

9.

I believe it will eventually allow me to feel better.

10. I believe it’s a good thing I can do to feel better about myself in general.
11. It is a good idea to try to regulate my eating behaviors.
12. It is a way to ensure long-term health benefits.
13. I don’t want to be ashamed of how I look.
14. I feel I must absolutely be thin.
15. I would feel ashamed of myself if I was not eating healthy.
16. I would be humiliated I was not in control of my eating behaviors.
17. Other people close to me insist that I do.
18. Other people close to me will be upset if I don’t.
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19. People around me nag me to do it.
20. It is expected of me.
21. I don’t really know. I truly have the impression that I’m wasting my time
trying to regulate my eating behaviors.
22. I don’t know why I bother.
23. I can’t really see what I’m getting out of it.
24. I don’t know. I can’t see how my efforts to eat healthy are helping my health
situation.
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Appendix D
Dutch Eating Behavior Questionnaire- Restraint subscale
5-point Likert scale (1 = never, 2 = seldom, 3 = sometimes, 4 = often, 5 = very
often).
1.

If you have put on weight, do you eat less than you usually do?

2.

Do you try to eat less at mealtimes than you would like to eat?

3.

How often do you refuse food or drink offered because you are concerned
about your weight?

4.

Do you watch exactly what you eat?

5.

Do you deliberately eat foods that are slimming?

6.

When you have eaten too much, do you eat less than usual the following
days?

7.

Do you deliberately eat less in order not to become heavier?

8.

How often do you try not to eat between meals because you are watching
your weight?

9.

How often in the evening do you try not to eat because you are watching
your weight?

10. Do you take into account your weight with what you eat?
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Appendix E
Barratt Impulsiveness Scale – 15
4-point Likert-type scale (1 = rarely/never, 2 = sometimes, 3 = often, 4 = almost
always).
1.

I act on impulse.

2.

I act on the spur of the moment.

3.

I do things without thinking.

4.

I say things without thinking.

5.

I buy things on impulse.

6.

I plan for job security.

7.

I plan for the future.

8.

I save regularly.

9.

I plan tasks carefully.

10. I am a careful thinker.
11. I am restless at lectures or talks.
12. I squirm at plays or lectures.
13. I concentrate easily.
14. I don’t pay attention.
15. Easily bored solving thought problems.
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Appendix F
Brief Self-Control Scale
5 point Likert scale with anchors 1 = not at all and 5 = very much.
1.

I am good at resisting temptation.

2.

I have a hard time breaking bad habits.

3.

I am lazy.

4.

I say inappropriate things.

5.

I do certain things that are bad for me, if they are fun.

6.

I refuse things that are bad for me.

7.

I wish I had more self-discipline.

8.

People would say that I have iron self-discipline.

9.

Pleasure and fun sometimes keep me from getting work done.

10. I have trouble concentrating.
11. I am able to work effectively toward long-term goals.
12. Sometimes I can’t stop myself from doing something, even if I know it is
wrong.
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Appendix G
Depletion Sensitivity Scale
7- point Likert scale with anchors 1 = totally disagree and 7 = totally agree.
1.

After I have worked very hard at something, I am not good at reloading to
start a new task.

2.

I get mentally fatigued easily.

3.

When I am (mentally) fatigued, I am easily tempted to do things that are
actually no good for me.

4.

After I have made a couple of difficult decisions, I can be truly mentally
“depleted.”

5.

After I have exerted a lot of mental effort, I need to take a rest first before I
can do another complicated task.

6.

It is hard for me to persist with a difficult task.

7.

When I’m tired, I have difficulties to suppress my emotions whenever that’s
necessary (for example: not falling out with someone you’re angry with).

8.

I have difficulties focusing my attention after I exerted a lot of mental effort.

9.

When I’m tired I have difficulties concentrating.

10. At the end of a working day I often have difficulties staying focused.
11. When I’m tired I sometimes have difficulties to remain friendly or polite.
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Appendix H
Manipulation Check Questions
5-point Likert scale with anchors 1 = not at all and 5 = extremely.
1. How tired do you feel after completing the previous task?
2. How effortful did you find the previous task to be?
3. How pleasant was the previous task to perform?
4. How frustrated did you feel while completing the previous task?

